A

National Aeronautics and Space Administration
Goddard Space Flight Center
Contract No. NAS-5-2078 /

&%

FACILITY FORM 808

GPO PRICE S

ST - SP - 10153 CFSTI PRICE(S) $

Hard copy (HC)

Microfiche (MF)

ff 653 July 85

SOLAR CORONA EMISSION IN THE SPECTRUM REGION
A<10 A

by
E, P, Fetisov

[USSR]

N66 39906

10 JUNE 1964

L2

22




DRAFT TRANSLATION ST=-SP-10153

SOLAR CORONA EMISSION IN THE SPECTRUM REGION

A<10 2+
Astronomiche k v Zhurnal, by E. P, Fetisov
Tom 41, vyp.2, 299- 301,
Izd-vo "NAUKA , 1964
SUMMARY

The spectral emission flux of the corona in the A < 10 Z
region has been determined theoretically. Considered are the line,
recombination and bremstrahlung emissions. The continuous emission
from heavy ion recombinations prevails, The theoretical flux is less

than that observed, which is evidence of corona‘'s high nonhomogeneity.

®
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The hard emission of the solar corona has been lately the
object of intensive study. However, the available experiments in the
X-ray region provide only the aggregate intensity in separate portions
of the spectrum and a fairly rough "smoothed" pattern of spectral dis-
tribution. These measurements do not allow the ascertaining of the
question of line contribution, of correlation between the free-free
and recombination emissions. In the current work the corona emission
flux in the region A < 10 A is determined theoretically., The line,
recombination and bremstrahlung emission, occurring at electron motion
in the field of ions under solar corona conditions, are considered here,

In order to compute the emission intensity, it is necessary to
know, first of all, the relative concentrations of ions in chemical
elements' corona, Inasmuch as the Sach formula is inapplicable in the

. corona, in order to compute the concentration we must determine the

* IZLUCHENIYE SOLNECHNOY KORONY V OBLASTI SPEKle'RﬁROCHE 10 A.



cross sections of ionization and recombination processes. Since suffi-
ciently well-founded formulas for cross sections are not available, we
conducted two computations in the current work. Formulas ottained in [1]
were utilized in the first calculation and those obtained in [2] — in
the second one. Both methods give close values for the 20 considered
elements ( such elements as Mn, Cr, Fe, S, Ca drop out somewhat) . In
the second case the concentrations are somewﬁat lower, which leads to
higher temperature. determined from the ionization equilibrium,

The flux of the continuous as well as of line emission is pro-~
portional to the integral of the square of electron density over the
volume of the corona. The value of 3.2 -1049 is taken for this quan-
tity, which corresponds to the Baumbach forﬁulé. In considering the
bdund-free transitions we limited ourselves by the recombination at
basic level. The accounting of transitions to upprer levels may increase
the recombination emission (though insignificantly). The line emission
is considered in the assumption that the ions are excited by electron
impact and are de-excited by way of spontaneous transitions, the compu-
tation being at the same time conducted in the Born approximation.

The increase in population of upver levels at the expense of recombina-~

tion was disregarded, as was done in other works.

The results of computations are partially presented in Table 1.
in which the flux of continuous and line emissions, summed up by all
heavy element ions, the emission of hydrogen and helium and also the
total emission flux of the corona in the region shorter than 10 i,
are given in erg,’cm?- sec, Two covlumns for each temperature correspond
to the calculation of ion concentration by two different formulas, It
follows from the Table that the continuous emission is prevalent.vAt the
same time, for temperature to 3 million degrees the main contribution
is conditioned by heavy element ion recombination. Let us note that
basically these are the N, O, Fe, Mg, H, He ions, whose limit wave-
lengths are of the order of 10 K or more. The line emission flux is
significantly lesser and the lines contribute notably only for tempera-
tures above 3 -106<>K.Particu1ar1y substantial'is the emission of ions
MgXI, Na X, NeX, Ne X, SiXIITI and Fe XVII - Fe XVIII,
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Note also that the obtained flux values practically character-
ize only the relative role of the various emission processes. Only at
témperatures of the order of 1 — 1.5 -106°K the consideration of the
absolute values of all corona emission fluxes makes sense, inasmuch as
higher temperature values cannot be combined with the emission in other
regions of the spectrum, and with radioemission in particular. The expe~-
rimental values of the flux in the 2 — 10 A region [3, 4] in the maximum
years is of the order of 10"‘*— 102 e::'g/cm2 * sec, which at T< 2 - 1060k
significantly exceeds the data of Table 1.

A more precise value for fhe electron density will somewhat
increase the theopetical values of the flux, The remaining discrepancy
can be partly connected with the contribution by nonthermal mechanisms
of emission, and on the other hand, it points to an essentially inhomo-
genous character of the corona. Taking into account the presence of conden-
sations, constituting centesimal fractions of corona volume, the experi-

mental and theoretical values of fluxes can be matched.

In conclusion I should like to express my gratitude to S. L,
llandel'shtam, L, A. Vaynsteyn and Yu. N. Zhivkyuk, for their interest

and the valuable coiuients.
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